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Abstract. On 18 January 2007, windstorm Kyrill battered
Europe with hurricane-force winds killing 47 people and
causing 10 billion US$ in damage. Kyrill poses several ques-
tions: is Kyrill an isolated or exceptional case? Have there
been events costing as much in the past? This paper at-
tempts to put Kyrill into an historical context by examin-
ing large historical windstorm event losses in Europe for the
period 1970–2008 across 29 European countries. It asks
the question what economic losses would these historical
events cause if they were to recur under 2008 societal con-
ditions? Loss data were sourced from reinsurance firms and
augmented with historical reports, peer-reviewed articles and
other ancillary sources. Following the same conceptual ap-
proach outlined in previous studies, the data were then ad-
justed for changes in population, wealth, and inflation at the
country level and for inter-country price differences using
purchasing power parity. The analyses reveal no trend in the
normalised windstorm losses and confirm increasing disaster
losses are driven by societal factors and increasing exposure.
1 Introduction
There is now clear evidence that societal changes and eco-
nomic development are the main factors responsible for in-
creasing losses from natural disasters in many jurisdictions.
This has been shown to be the case for flood and hurricane
losses in the US (Pielke Jr. and Landsea, 1998; Pielke Jr.
and Downton, 2000; Pielke Jr. et al., 2008), tornadoes in
the US (Brooks and Doswell, 2001), hurricane losses in the
Caribbean region (Pielke Jr. et al., 2003), weather extremes
in the US (Changnon et al., 2000; Changnon, 2003), flood
losses in Europe (Barredo, 2009), tropical cyclones in India
(Raghavan and Rajesh, 2003), and weather-driven disasters
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in Australia (Crompton and McAneney, 2008). All of these
studies found no significant trends of losses after historical
events were normalised to current conditions in order to ac-
count for demonstrably changing societal/demographic fac-
tors. In a similar vein, Schmidt et al. (2010) concluded that
hurricane losses in the US were increasing as a consequence
of socio-economic factors and natural variability; a “more
likely than not” assessment was given for the current influ-
ence of anthropogenic forcings. Our present study sheds fur-
ther light on the current role of anthropogenic vis-a`-vis social
economic factors in the case of windstorm losses in Europe.
This paper examines windstorm losses for the period
1970–2008 across 29 European countries including the mem-
ber states of the European Union, Norway and Switzerland.
By explicitly addressing the influence of socio-economic
effects on the time-series of losses, it attempts to answer
the question of what would be the magnitude of economic
windstorm losses if events from the past were to recur un-
der current societal conditions and whether, after adjusting
for known changes in social conditions, a signal of anthro-
pogenic climate change can be discerned.
Available data on losses from natural disasters in Europe
is limited and suffers from a number of drawbacks (CEC,
2009). Limitations relate to poor quality, inhomogeneous
data and records collected using a wide range of differing
methods and different reasons. Currently, the most compre-
hensive natural disaster databases are held by insurance com-
panies and are not publicly available (Bouwer et al., 2007).
For this study, raw data was provided by the Natural Hazards
Assessment Network (NATHAN) of the global reinsurance
company Munich Re and complemented and improved with
information from several other ancillary sources.
European windstorms are triggered by extratropical cy-
clones (ETCs). ETCs form in the transition zone between
subtropical and polar climate zones. ETCs are mid-latitude
weather systems that derive their energy from horizontal tem-
perature contrast between cold, polar air masses and warm,
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subtropical air masses (Malmquist, 1999). The temperature
contrasts between these air masses are greatest during win-
ter, and so is the frequency and intensity of European wind-
storms. Maximum wind speeds can reach 140–200 km/h and,
in extreme cases, up to 250 km/h in exposed coastal loca-
tions. Wind fields may span up to 2000 km (Munich Re,
2008a) and thus affect several countries.
Although there is robust evidence of anthropogenic
changes in the European climate (Alcamo et al., 2007;
Rosenzweig et al., 2007; Trenberth et al., 2007), the question
of whether there is an anthropogenic contribution to storm
trends remains open. Several studies found no evidence of
anthropogenic influence in Northeast Atlantic and Mediter-
ranean European storm activity (Alexandersson et al., 1998,
2000; Ba¨rring and von Storch, 2004; Alexander et al., 2005;
Hegerl et al., 2007; Trenberth et al., 2007; Matulla et al.,
2008; Bartholy et al., 2009). Other studies have identified
changes in the storminess of the Northeast Atlantic region
(McCabe et al., 2001; Weisse et al., 2005; Trigo, 2006; Wang
et al., 2006, 2009; Leckebusch et al., 2008; Ulbrich et al.,
2009). Evidence regarding small-scale wind weather phe-
nomena, such as tornadoes, in Europe is mostly local and too
scattered to draw general conclusions. In many European
countries the number of reported tornado has increased con-
siderably over the last decade, but the evidence point to this
being a consequence of an increase in the reporting of weak
tornadoes (Trenberth et al., 2007). The absence of a defini-
tive answer to the anthropogenic contribution to storm trends
suggests that a positive trend in the increase of windstorm
losses may be attributed either to socio-economic changes
or anthropogenic climate change and this is the focus of the
present study.
The paper is organised in five sections. Section 2 analyses
the available data and data sources. Section 3 describes the
methodology used for normalising windstorm losses. Sec-
tion 4 shows the results and trends of normalised losses. The
last section examines the explanatory drivers of windstorm
losses and assesses the results in the context of the available
evidence of changes in storminess in the last decades. This
section also considers the limitations of the method and the
available data.
2 Data
This paper addresses direct economic losses from wind-
storms. Direct economic damage is the tangible economic
loss associated with a windstorm’s impact as determined af-
ter the event. Such losses result from the wind loading of
property, vehicles, boats, scaffolding, cranes, forests, over-
head line networks and agriculture. Indirect, secondary and
tertiary (e.g. business interruption or losses due to interrup-
tion of power supply) and loss of life as well as longer-term
macroeconomic effects such as the reductions in the tax base,
while also important, lie outside the scope of this study.
Raw data on windstorm losses were obtained from the
NATHAN database of Munich Re. NATHAN is a publicly
accessible global database on natural disasters containing a
global catalogue of significant natural-disaster losses and in-
cludes thematic information on major windstorm events such
as casualties and direct economic losses. Records of disasters
are based on what Munich Re defines “great natural catastro-
phes”. This is in line with definitions used by the United
Nations, where natural catastrophes are considered “great”
if the affected region’s ability to help itself is clearly over-
stretched and supra-regional or international assistance is re-
quired. This is the case when there are thousands of fatali-
ties, hundreds of thousands of people are made homeless, or
when the economic losses reach exceptional orders of mag-
nitude. In NATHAN damage is the value of direct economic
losses related to the disaster at the date at which the disaster
occurred.
The information for this study was accessed in spring
2009. NATHAN provided information for 38 events regis-
tering economic losses between 1970 and 2008. The Mu-
nich Re (2002) report provided additional information on
13 events. Three missing events in Munich Re records were
obtained from the studies of Lamb (1991) and Duglolecki et
al. (1994). The resulting catalogue contains 54 events, a fig-
ure reasonably in line with the 55 “significant windstorms”
identified in Europe by the Association of British Insurers
between 1970 and 2005 (Climate Risk Management, 2005).
Other ancillary sources of information from other reinsurers
(e.g. Swiss Re), archives of on-line news channels, national
weather services and various scientific papers also proved
useful for verifying affected countries, amount of losses by
country and by event, and date of occurrence. NATHAN re-
ports losses in current US$ and this currency has been used
in this study.
Many sources of uncertainty affect the catalogue. Merg-
ing of data from different sources could lead to disparities
due to different thresholds for inclusion. Nevertheless most
events in the catalogue exceed a nominal (not adjusted for in-
flation) value of 100 million US$. Another important source
of uncertainty is the effect of improvements in data collec-
tion in recent decades that could induce biased trends (Berz,
2000; Barredo, 2009). To overcome these sources of uncer-
tainty, we only consider losses produced by major disasters,
i.e. those with normalised economic losses above a thresh-
old of 1 billion US$, a point to which we shall return in later
discussion. This will guarantee a more homogeneous set of
disaster records with a common threshold for inclusion. Fur-
thermore there is usually better information for major disas-
ters and can be investigated decades after their occurrence
(Berz, 2000).
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3 Methods
Normalisation is used to account for changes in the socio-
economic factors known to contribute to increased natural
disaster losses (Crompton and McAneney, 2008). The pur-
pose of this exercise is to put all losses on a common basis
that is reflective of the impact that historical events might
produce if they were to recur under current (2008) societal
conditions (Changnon et al., 1997; Pielke Jr. and Landsea,
1998; Pielke Jr. et al., 2008; Barredo, 2009). The concep-
tual approach follows that employed in previous studies in
adjusting for changes in inflation, population and per capita
wealth since the original event (Pielke Jr. and Landsea, 1998;
Crompton and McAneney, 2008; Barredo, 2009). As infor-
mation for the changes in wealth in exposed areas is rarely
available, it is often necessary to use proxies in order to ac-
count for its influence (Changnon et al., 1997; Changnon and
Changnon, 1998; Pielke Jr. and Landsea, 1998; Pielke Jr. and
Downton, 2000; Changnon, 2003; Crompton and McAneney,
2008; Pielke Jr. et al., 2008; Barredo, 2009).
For example, Pielke Jr. and Landsea (1998) and Pielke
Jr. et al. (2008) implemented a normalisation method for US
hurricane damage by using factors to account for changes
in population, inflation and real per capita wealth. Cromp-
ton and McAneney (2008) normalised losses from Australian
meteorological hazards using two proxy factors, i.e. changes
in the number and the average nominal value of dwellings
over time; the effect of inflation was also calculated.
In a point of departure from previous authors,
Barredo (2009) also introduced purchasing power par-
ity (PPP) to eliminate price level differences across countries
in his study of normalised flood losses at the level of
continental Europe. PPP are defined as the rates of currency
conversion that equalise the purchasing power of different
currencies by eliminating the differences in price levels
between countries. PPP are price relatives that reflect the
ratio of the prices of the same good or service in different
countries (OECD-EUROSTAT, 2006). Values expressed
in PPP can be considered as standardised values. Time-
series data on PPP were obtained from the Total Economy
Database of The Conference Board (2009).
The present study follows Barredo (2009) in adjusting the
original data for inflation, inter-country price differences,
population and per capita wealth at the country level. This
study uses population and real GDP per capita in the coun-
try of the event as a measure of the changes in exposure over
time. It is assumed that the overall trends of both factors at
the country level are reflective of those of the impacted areas.
Time-series data on GDP, population and inflation at country
level were obtained from the Statistical Databases of United
Nations Statistics Division and EUROSTAT. Time changes
of real GDP per capita and population in the studied coun-
tries are given by way of example in Fig. 1.
Fig. 1. Real GDP per capita (bold line) and population (dashed line)
in the studied countries, 1970–2008 (1970 index value = 100).
Table 1. Example of the normalisation method for the losses of
storm 87J in France.
Original losses (1987) 1600 m US$ (nominal)
Inflation factor (1987–2008) 1.86
Population factor (1987–2008) 1.12
Wealth factor (1987–2008) 1.38
PPP factor (1987) 0.83
Normalised losses = 3818 m int. US$ of 2008
The normalisation equation is defined as follows:
L2008=Li×Iij ×PPPij ×Pij ×Wij (1)
The equation converts nominal losses in the year of occur-
rence of the event (Li) to normalised losses in 2008 (L2008)
expressed in international US$ using PPP; Iij is the inflation
factor to 2008 values for year i in country j ; PPPij is the
purchasing power parity factor for year i in country j ; Pij
is the population factor defined as the ratio of the number of
inhabitants in 2008 in country j to the number in year i; Wij
is the wealth factor defined as the ratio of the real GDP per
capita in 2008 in country j to the value in year i.
For the sake of clarity we show by way of example the
normalisation required to adjust the original losses resulting
from storm 87J in France in 1987 (Table 1). The raw nom-
inal damage was estimated at 1.6 billion US$ (Munich Re,
2002). After adjusting for the various factors in Eq. (1), the
normalised losses are estimated to be international 3.8 bil-
lion US$ as of 2008. After calculating the normalised losses
for each country affected by a storm, the losses are then
aggregated for obtaining the total normalised losses for the
event.
4 Results
Inspection of the number of damaging events included in
the catalogue reveals that in the first half of the assessment,
1970–1989, there were 13 events, whereas in the second half,
1990–2008, there were 41 (Table 2). In Fig. 2 it is also ev-
ident an increase in the reporting of minor events in the last
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Table 2. Comparison between the number of damaging windstorms
in the overall catalogue and the group of major disasters over time.
Number of events
Overall Major
catalogue events
Overall period 1970–2008 54 25
1st subperiod 1970–1989 13 11
2nd subperiod 1990–2008 41 14
Ratio of sub-periods 3.2 1.3
years of the assessment. The catalogue shows an increase
in the number of events of 6.3% per year. Although stud-
ies of changes in storm frequency in the recent past show
some differences (Ulbrich et al., 2009) an increase in severe
storm frequency of the magnitude of that shown in the cata-
logue has not been evidenced. Studies for the North Atlantic
European region show a modest increase in severe storms
in recent decades (Hanson et al., 2004; Weisse et al., 2005;
Trigo, 2006). For example, Trigo (2006) has found an in-
crease in the most severe storms for the Atlantic North region
in the order of 1.5% per year between the 1960 and 2000. A
decreasing trend was found for the Northern Mediterranean
region for the same period. Results of Weisse et al. (2005)
are in line with Trigo (2006). They indicate that the num-
ber of severe storms increased near the exit of the European
North Atlantic storm track, the most active region in Europe,
by about 2% per year for the period 1958–2001. They also
found a tendency towards decreasing storminess for areas
south of 45◦ N. Hence the increase of the number of events
in the catalogue seems to be outside the bounds of natural
variability or the effect of societal shifts and is, we suspect,
likely a consequence of better accounting of natural disasters
in the last decades. To minimise this bias, this study con-
siders only major windstorms, i.e. those with losses larger
than 1 billion in 2008 US$ normalised values. Based on this
criterion 25 out of 54 events originally included in the cata-
logue were classified as major disasters. The group of major
disasters accounted for 11 and 14 events respectively in the
two subperiods in Table 2. It is worth noting that 93% of
the overall losses were produced by major events, represent-
ing only 46% of the overall number of events. In selecting
just these major disasters, the effect of incompleteness is re-
duced considerably while retaining the most important losses
observed during the study period. However, for the purpose
of clarity we also assessed the trend of losses for the entire
catalogue. Measured in 2008 US$ normalised values, total
windstorm losses from major events over the period 1970–
2008 amounted to 141 billion, with an average annual loss of
3.6 billion.
Fig. 2. Time-distribution of damaging windstorms included in the
catalogue for Europe 1970–2008.
Figure 3 shows the annual distribution of the windstorm
losses in constant US$ of 2008 (after adjusted only for infla-
tion). Note that because the raw losses are expressed in US$
we used estimates of implicit price deflators for series in US$
for each specific country. Information at country level on in-
flation rates for series measured in US$ was obtained from
the Statistical Databases of United Nations Statistics Divi-
sion.
Figure 4 shows the normalised annual distribution of
windstorm losses. In this figure losses are expressed in nor-
malised 2008 US$. 1990 registered the highest losses fol-
lowed by 1999 and 1976. Between January and March 1990
a sequence of four devastating gales struck Europe produc-
ing losses close to 30 billion. In December 1999 another
sequence of three severe windstorms produced normalised
losses of 26 billion. And in 1976, Capella storm produced
event losses of more than 19 billion. Figure 5 shows the
5-year moving average of normalised losses. No trend is ev-
ident over time.
Appendix A includes the assessment of the entire cata-
logue. There are no significant differences between the re-
sults obtained from the group of major windstorms and the
results from the entire catalogue. This is because most of the
losses have been caused by major windstorm disasters. De-
spite it there are a number of small differences between the
annual losses of Figs. 3 and 4 and the corresponding figu-
res of the entire catalogue, A1 and A2. In many years the
amount of losses is greater in the figures of the entire cata-
logue (e.g. 1990) and many other years registering no losses
in the figures from major disasters report losses in the entire
catalogue (e.g. 2000). Although the shape of the trend line
is slightly different between Figs. 5 and A3 relevant differ-
ences are not evident. Figures of normalised losses from the
entire catalogue (A2 and A3) show that no trend is evident
over time.
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Fig. 3. Annual windstorm losses in Europe from major windstorm
disasters (adjusted for inflation). The information in this figure
must be viewed cautiously because it includes shifts due to societal
changes over time.
5 Discussion
The most salient result is the absence of any positive trend
in normalised windstorm losses in Europe. It appears that in-
creasing standard of living, real per capita wealth and popula-
tion in Europe are responsible for ever growing losses from
windstorms. In other words, even without any anticipated
impacts of anthropogenic climate change, windstorms losses
will very likely continue to escalate purely as a consequence
of the increase of societal and economic factors.
A number of recent studies suggest that storm activity
over Europe has changed over the second half of the twen-
tieth century (Ulbrich et al., 2009). Results of McCabe et
al. (2001) and Wang et al. (2006) suggest a poleward shift
of the storm track, with an increased storm activity over the
North Atlantic. Other studies using reanalysis data (Weisse
et al., 2005; Trigo, 2006; Leckebusch et al., 2008) have
documented significant increases in the number or strength
of severe storms in the Northeast Atlantic European region
for the second part of the twentieth century. Nevertheless, re-
sults of Weisse et al. (2005) also suggest that between about
1990 and 1995 the increase has weakened over areas of the
North Sea and has been replaced by a decrease in severe
storm frequency. Besides a northward shift of the storm track
and an increase in storminess in the second half of the twenti-
eth century, station pressure data over the Atlantic-European
sector show a modest increase in severe storms in recent
decades. Additionally, decadal-scale fluctuations of similar
magnitude have been observed earlier in the ninetieth and
twentieth centuries (Alexandersson et al., 2000; Ba¨rring and
von Storch, 2004; Trenberth et al., 2007). Recently Matulla
et al. (2008) reached similar conclusions over Northern and
Central Europe using a dataset for 1880–2005. They found
an increase in storminess from 1960s to the 1990s that ends at
levels of storminess comparable to those of the beginning of
the twentieth century. In line with these findings Alexander
Fig. 4. Annual windstorm losses in Europe from major windstorm
disasters normalised to 2008 values.
Fig. 5. 5-year moving average of annual windstorm losses in Eu-
rope from major windstorm disasters normalised to 2008 values.
The grey line represents the average annual losses of the overall
period.
et al. (2005) showed an increase in the number and intensity
of severe storms over the southern UK since the 1950s. Wang
et al. (2009) corroborates the findings of Alexandersson et
al. (1998, 2000) in the annual metrics. However notable dif-
ferences between winter and summer trends and an unprece-
dented storminess maximum in the early 1990s in winter in
the North Sea area have been identified. To conclude, despite
the changes on European storminess the evidence for an an-
thropogenic contribution to storm trends remains uncertain
(Hegerl et al., 2007) and there is no evidence of an impact of
anthropogenic climate change on the normalised windstorm
losses.
Munich Re (2002) has also evaluated the effect of changes
in exposed values in catastrophe regions in Europe. They
converted the insured losses of a series of gales that occurred
in 1990 to the losses they would have produced in 1999 af-
ter taking into account changes in insurance penetration and
the average sum insured per policy. They found a striking
increase of a factor of 1.8–2.0 for Western Europe in 9 years.
In other words, the original EUR 8.5 billion losses for the
storms Daria, Herta, Vivian and Wiebke would have resulted
in around EUR 16 billion (in 1990 values) if they were to
have occurred in 1999. In contrast our method has esti-
mated an increase factor for storm 87J in France of 1.5 in the
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Fig. A1. Annual windstorm losses in Europe from windstorm disas-
ters (adjusted for inflation). The information in this figure must be
viewed cautiously because it includes shifts due to societal changes
over time and the effect of improvements in disaster data collection
in recent decades.
21-year period between 1987 and 2008, passing from 1.6 to
2.5 billion US$ (1987 values) considering only the influence
of changes in population and wealth, i.e. excluding inflation
and the PPP factor. Thus the results of the Munich Re study
confirm the relevance of societal drivers in explaining the in-
crease of windstorm losses in Europe, and may indicate that
the normalisation method implemented in this paper might
be conservative and underestimate the losses from the past.
The presented metric of normalised losses has many ad-
vantages. It is simple, transparent and easy to communi-
cate. Nevertheless, our results are subject to a number of
constraints. Table 2 suggests that the raw dataset may con-
tain biases due to better reporting in recent decades and that
some records may be missing in the first decades of the as-
sessment. However, comparison between the time series of
Fig. A1 and that provided by Munich Re (2008b) reveals no
relevant differences. We conclude that the catalogue imple-
mented in this study represents a reasonably faithful record
of windstorm disasters in Europe.
Changing building codes and construction standards may
have an additional influence in determining the vulnerability
of assets at risk from windstorms (Crompton and McAneney,
2008). The normalisation methodology used in this study, as
is the case of most previous studies, ignores this factor. How-
ever, due to the predominance of massive (solid) construction
of buildings in Europe, structural damage is usually the ex-
ception even when wind speeds are high (Munich Re, 2002).
Moreover European windstorms have not the destructive po-
tential of hurricanes and the losses usually involve damage
to the outside shell of the buildings, i.e. roofs, fac¸ades, and
windows. Although in recent years there has been a ten-
dency towards buildings with outside attachments (pergolas,
awnings, satellite antennae), that are potentially more prone
to being damaged at high wind speeds than are the buildings
themselves, we assume that their effect on the overall trend
of losses is unlike to be large.
Fig. A2. Annual windstorm losses in Europe from windstorm disas-
ters normalised to 2008 values. The information in this figure must
be viewed cautiously because it includes shifts due to the effect of
improvements in disaster data collection in recent decades.
Losses to forest have been a feature of several windstorms
such as Kyrill. And timber losses have been growing in Eu-
rope since the 1950’s (Munich Re, 2002). In Western Europe
both the forest available for wood supply and the growing
stock per hectare have increased since the 1950’s. Accord-
ingly the annual increment per unit area of forest has consis-
tently increased about 64% since 1950’s (Gold, 2003; Law-
son and Hemery, 2007). This increase explains reasonably
well the increasing forest damage experienced in Europe in
the last decades (Munich Re, 2002). Studies of European
forest have also shown that the proportion of tall and hence
more vulnerable trees has also increased.
The European Commission (CEC, 2009) claims that a bet-
ter understanding of disasters is a pre-requisite for develop-
ing efficient disaster prevention policies. Policy making in
the field of natural disasters should be supported by long-
term accurate data and assessments. From this perspec-
tive the monitoring of losses from weather-driven disasters
should become a priority if we are to better understand the
evolution of impacts from disasters and the role that human-
induced climate change might play (Bouwer et al., 2007).
At the moment it seems clear that increasing disaster
losses are overwhelmingly a consequence of changing so-
cietal factors. However questions concerning the linkage be-
tween weather-driven disaster losses and the future role of
anthropogenic climate change will remain an important area
of research (Ho¨ppe and Pielke Jr., 2006) and policy makers
should not expect any unequivocal answer soon to such ques-
tions.
Appendix A
In this appendix we show the trend of losses calculated on
the basis of data from the entire catalogue implemented in
this study. Figures 3, 4 and 5 shown in the results chapter
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Fig. A3. 5-year moving average of annual windstorm losses in Eu-
rope from windstorm disasters normalised to 2008 values. The grey
line represents the average annual losses of the overall period. The
information in this figure must be viewed cautiously because it in-
cludes shifts due to the effect of improvements in disaster data col-
lection in recent decades.
have been replicated here with data from the entire catalogue
(see Figs. A1, A2 and A3). Figures of this appendix show
that no trend is evident over time in normalised losses.
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